called HFE is associated with most cases of hemochromatosis. 2 The gene produces a protein in the deep crypts of the duodenum, the location where gastrointestinal iron absorption is at its highest. 3 Healthy people have large quantities of this HFE protein, which modulates iron transport through the enterocyte, but people who have a point mutation called C282Y produce it in much smaller quantities and develop hemochromatosis. 3 A smaller proportion of patients with hemochromatosis have a different mutation, called H63D. It is not clear how the H63D mutation causes hemochromatosis. 4 A third group of patients have non-HFEassociated hemochromatosis; the genetic basis of this type of hemochromatosis is being studied.
People who are heterozygous for the C282Y mutation rarely develop overt clinical disease. However, their likelihood of developing iron overload liver damage rises if they have other risk factors such as hepatitis, alcoholism, or porphyria cutanea tarda.
Patients who are heterozygous for both C282Y and H63D may develop iron overload, but it is usually not as severe as iron overload in a C282Y-homozygous patient.
s ENVIRONMENTAL AND DIETARY FACTORS AFFECT DISEASE RISK
Although hemochromatosis is a genetic disease, its development is affected by dietary and environmental factors. Patients who take iron supplements or vitamin C (which increases iron absorption) may experience symptoms earlier. Serious complications are particularly likely in people who consume high-iron diets, such as diets high in red meat.
Other environmental factors can delay the onset of disease by decreasing hepatic iron stores: blood donation, physiologic blood loss through menstruation and pregnancy, and pathologic blood loss (for example, through inflammatory bowel disease).
Contrary to popular belief, premenopausal women can still develop symptomatic and even life-threatening hemochromatosis.
s NATURAL HISTORY AND CLINICAL FEATURES OF HEMOCHROMATOSIS
The disease often produces no symptoms until middle age. Untreated, it progresses from iron overabsorption to iron overload to organ damage.
Complications may include arthritis, cardiomyopathy, and endocrine disorders, including diabetes and hypogonadism. 
Pigmentation of hereditary hemochromatosis

Early biochemical signs
The first manifestation of the disease is an elevation in serum transferrin saturation, 5 which reflects the transport of excess iron from the intestine. Serum transferrin levels become elevated before iron loading becomes significant, and they increase in direct linear relation to total-body iron stores.
Occasionally, elevated concentrations of liver enzymes are a presenting sign.
Early clinical symptoms
Patients usually begin to experience symptoms between ages 30 and 50. Symptoms are 5 to 10 times more common in men than in women.
Fatigue and arthralgia are the most common presenting symptoms. Patients may also present with skin pigmentation, impotence, hepatomegaly, diabetes mellitus, thyroid disease, arthritis, heart failure, or arrhythmia. Occasionally, cirrhosis develops without other clinical symptoms.
At diagnosis, more than 90% of patients with symptoms have skin pigmentation (FIGURE 1). The characteristic slate-grey color is caused by melanin or by both melanin and iron in the dermis. The pigmentation is diffuse and generalized, but frequently it is deeper on the face, neck, backs of hands, scars, lower legs, and genital regions. The pigmentation occurs on the oral mucosa in 10% of cases.
Later complications
Liver disease. When the hepatic iron concentration reaches a threshold of 400 µmol/g dry weight, cirrhosis is common, and the risk for hepatocellular carcinoma and death are markedly increased. The iron threshold is lower in patients with other risk factors for liver diseases, such as heavy drinking or chronic hepatitis.
Diabetes. Iron-overload damage to the pancreas causes diabetes mellitus in about 65% of patients with hemochromatosis. Diabetes is more likely to develop in those with a family history of diabetes. The sequelae of diabetes associated with hemochromatosis are the same as those of ordinary diabetes mellitus.
Arthritis and chondrocalcinosis. From 25% to 50% of patients with hemochromatosis may develop arthritis. The arthritis may precede the diagnosis of hemochromatosis by many years, or it may present long after treatment. 6, 7 The arthritis can affect most joints but most commonly causes stiffness and pain FIGURE 2. Top, this patient with hemochromatosis arthritis has symmetric arthropathy of second and third metacarpophalangeal joints with loss of cartilage and the formation of marginal beaked osteophytes (arrows). Bottom, in contrast, in this patient with osteoarthritis, mild osteoarthritis is visible in the distal interphalangeal joints of all fingers, especially the right second and third. There is minimal involvement of the right proximal interphalangeal joints. Algorithm for screening for and diagnosing hemochromatosis of the hand joints, particularly the index and middle metacarpophalangeal joints. Radiographs typically show changes consistent with a symmetric arthritis of the second and third metacarpophalangeal joints with loss of cartilage and the formation of marginal beaked osteophytes (FIGURE 2). Hemochromatosis arthritis in the knee characteristically involves the medial cartilage space or the patellofemoral joint. 8 Most cases of hemochromatosis-associated arthritis are related to chondrocalcinosis identifiable on radiographs. Calcium pyrophosphate dihydrate (CPPD) crystals have been reported in the cartilage of patients with hemochromatosis even in the absence of changes on radiographs. 9 Patients with deposits of these crystals may experience acute pseudogout. The symptoms may be associated with chondrocalcinosis at the wrist, knees, or both. The CPPD crystals in synovial fluid can be identified by polarized light microscopy.
Hemochromatosis arthritis Osteoarthritis
Hemochromatosis arthritis may be mistaken for rheumatoid arthritis, particularly when patients present with a symmetric inflammatory polyarthritis.
The pathogenesis of this arthropathy is not fully understood. It is possible that iron deposits in the synovial tissue trigger the formation of free radicals or that they inhibit the pyrophosphatase enzyme, thereby leading to CPPD crystal deposition.
Hemochromatosis is also associated with an increased incidence of osteoporosis. 10 Cardiac symptoms. About 15% of patients with hemochromatosis have cardiac symptoms as presenting symptoms, and about 30% of untreated patients develop cardiac symptoms. 11 The cardiac manifestations of hemochromatosis vary with the extent of the iron deposits.
Although other infiltrative cardiomyopathies such as amyloid cardiomyopathy produce deposits around the myocytes, hemochromatosis produces iron deposition within myocytes. The deposits develop in critical regions of the heart, including the left ventricle, the atrioventricular node, and the conduction system. Electrocardiograms may show low voltage and nonspecific ST-T changes.
When cardiac hemochromatosis is severe enough to produce clinical manifestations, it usually results in dilated cardiomyopathy, but it may instead produce restrictive cardiomyopathy. Symptomatic cardiac involvement is usually manifested by congestive heart failure. Patients may present with either supraventricular or ventricular arrhythmias. Myocardial biopsy may be useful to confirm the diagnosis when the primary clinical manifestations are of cardiac origin. 12 Iron-induced cardiac disease progressively worsens in untreated patients, but appropriate treatment can restore systolic function. Echocardiography may be useful in monitoring systolic function.
Recent data suggest a link between iron and cardiovascular disease. The vulnerability of myocardium to ischemic injury appears to be affected by stored iron level, rather than exclusively by the degree of coronary atherosclerosis. 13 
s DIAGNOSIS OF HEMOCHROMATOSIS
Transferrin saturation and other biochemical tests
The most useful screening and diagnostic test for hemochromatosis is the fasting transferrin saturation (serum iron concentration divided by total iron binding capacity, multiplied by 100) (FIGURE 3). Hemochromatosis is strongly suggested by a persistently elevated fasting transferrin saturation in the absence of other causes of iron overload (such as beta thalassemia, sideroblastic anemia, or iatrogenic overload). A fasting transferrin saturation of 55% or above suggests hemochromatosis. Patients whose transferrin saturation falls between 45% and 54% and who have no other evident causes such as inflammatory liver disease should be tested again in 2 years. 14 The serum ferritin level should be measured in conjunction with fasting transferrin saturation. A normal serum ferritin level in a patient with elevated fasting transferrin saturation (at 45%-54%) may indicate nonexpressed hemochromatosis, and the patient should have tests repeated after 2 years to identify any changes.
The serum ferritin level should also be used to identify iron overload; when iron overload is detected, treatment should be 30% of untreated patients develop cardiac symptoms started. Patients whose transferrin saturation on a repeated test is 55% or more may be considered to have primary hemochromatosisinduced iron overload when serum ferritin level is elevated (> 200 µg/L in premenopausal women and > 300 µg/L in men or postmenopausal women) or when they show evidence of liver disease, such as elevated liver enzyme concentrations or hepatomegaly. However, ferritin is an acute phase reactant, and serum levels may rise in inflammatory conditions, in malignancy, or with acute liver injury without iron overload. Serum ferritin is also useful as a measure of iron reaccumulation in the treated patient.
The serum iron concentration is an unreliable test and should not be used alone. Marked diurnal variation is normal; concentrations are highest in the morning and elevated after meals. If used, the serum iron concentration should be measured in conjunction with the total iron binding capacity.
Serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are often, but not always, abnormal in patients with overt hemochromatosis. Conversely, these enzymes are not specific for the liver and may be elevated in association with other diseases of the heart, skeletal muscle, or kidney. Reduced serum albumin or prolonged prothrombin time may also suggest liver damage.
Liver biopsy
Liver biopsy, formerly the gold standard for the diagnosis of hemochromatosis, is no longer necessary for all patients. It is still indicated for those who present with the physical signs of liver disease, abnormal liver function tests (ALT or AST), or serum ferritin levels higher than 1,000 µg/L.
Liver biopsy samples can be used to estimate tissue iron quantities, measure hepatic iron concentration, and identify cirrhosis. When cirrhosis is documented, the patient should be monitored for the development of primary hepatocellular carcinoma.
DNA-based diagnostic tests
Tests to identify mutations in the HFE gene may provide precise means for diagnosis, family testing, and even population screening.
Currently, genetic testing can identify the C282Y mutation responsible for most cases of hemochromatosis. It can be used to confirm a diagnosis made on the basis of biochemical tests and is particularly helpful in patients whose disease was detected through screening, who are less likely to have cirrhosis or the other indications for liver biopsy (abnormal liver function tests or elevated serum ferritin). Genetic testing may also be helpful to make a diagnosis in patients who have some positive and some negative test results (for example, an elevated transferrin saturation, a normal serum ferritin level, normal liver enzyme concentrations, and no hepatomegaly). Patients found to be homozygous for the C282Y mutation can be tested annually for serum ferritin increases.
It must be emphasized, however, that not all patients with hemochromatosis carry the C282Y mutation. No genetic test is available for the other identified mutation, H63D, or for the cause of non-HFE-associated hemochromatosis. Thus, genetic testing is not 100% sensitive for hereditary hemochromatosis.
Diagnostic imaging
Computed tomography can identify increased density of the liver caused by iron deposition. Magnetic resonance imaging (MRI) is a noninvasive alternative to biopsy for quantifying iron overload. 15 Quantification by MRI can be used to track the iron content during depletion treatment by phlebotomy.
s MANAGEMENT OF HEMOCHROMATOSIS
Therapeutic phlebotomy, described in 1952, was the first successful treatment for hemochromatosis-induced iron overload and is still the preferred treatment (TABLE 1) . 16 Removing 1 unit of blood (450 to 500 mL) results in the loss of 200 to 250 mg of iron. Most patients who have developed iron overload before diagnosis benefit from phlebotomy. Therapeutic phlebotomy should be performed by experienced staff under physician supervision, usually in a physician's office.
Patients should be advised to drink plenty of liquids and to avoid vigorous physical activ-
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Liver biopsy is no longer necessary for all patients ity for 24 hours after treatment to minimize the effects of hypovolemia. The hemoglobin concentration or hematocrit and volume of blood removed should be documented with each session. To deplete iron stores, 1 unit of blood is removed each week. Iron depletion is complete when the patient develops mild hypoferritinemia, indicated by a serum ferritin level of 10 to 20 µg/L, a hemoglobin concentration of less than 110 g/L, or a hematocrit of less than 0.33 for more than 3 weeks (in patients without chronic anemia). After the potentially pathogenic iron stores are depleted, the hemoglobin concentration and hematocrit should be allowed to return to the normal range and to remain there. Care should be taken to stop the phlebotomy treatments before iron-deficiency anemia develops.
Phlebotomy should be repeated throughout the patient's life to keep the serum ferritin level at 50 µg/L or less. On average, this requires the annual removal of 3 or 4 units of blood in men and 1 or 2 units of blood in women.
The serum ferritin level is accurate when used to monitor body iron stores. After phlebotomy, serum iron and transferrin saturation values soon return to pretreatment levels, which do not indicate iron overload. 17 Blood banks do not accept blood drawn from patients with hemochromatosis during therapeutic phlebotomy.
Detecting liver cancer
Appropriate testing for liver cancer is crucial for patients with hemochromatosis, because primary liver cancer is found in 10% to 30% of patients who die of hemochromatosis-related causes. The risk of liver cancer is increased approximately 200-fold in patients with cirrhosis, particularly if they are over 55 years old, seropositive for hepatitis B surface antigen, or heavy drinkers.
Any patient with cirrhosis who develops hepatic pain, increasing liver size, unexplained fever, or weight loss should be evaluated for primary liver cancer. Occult cancers may be detected by ultrasound, computed tomography, or MRI. 
Managing complications of iron overload
Many patients need additional evaluation and treatment for complications of iron overload, including cardiac dysfunction, liver disease, diabetes mellitus, and arthritis. In general, the management of these disorders in patients with hemochromatosis is the same as the management of the disorders in other patients.
Arthropathy. Hemochromatosis arthropathy can usually be managed with analgesic medication and nonsteroidal anti-inflammatory drugs. If the arthropathy develops into degenerative joint disease, joint replacement surgery may be required, most commonly in the hip or knee. Anecdotal reports suggest that phlebotomy may occasionally (but rarely) produce an improvement in arthritis. For attacks of pseudogout, joint aspiration and corticosteroid injection or colchicine therapy may be helpful.
Physicians need to be alert for patients who also have other other hereditary or acquired joint disorders, such as rheumatoid arthritis or osteoarthritis, which can continue to cause progressive discomfort in patients with hemochromatosis after therapeutic phlebotomy is complete. These disorders should be evaluated and managed independently.
Diabetes. Hemochromatosis patients with diabetes should receive standard diabetes care. However, clinicians should be aware that hemochromatosis patients with diabetes have a higher likelihood of developing insulin resistance.
Sexual and reproductive side effects. In men, hypogonadism may impair libido and produce changes in secondary sex characteristics. The effects are partially relieved by parenteral testosterone or gonadotropin therapy.
Severe iron overload in women of reproductive age is frequently associated with hypogonadotrophic hypogonadism. After iron depletion, therapy with gonadotropin and other hormones can permit normal menstruation and successful pregnancies. In older women, estrogen and progesterone replacement therapy should be considered.
Other endocrine effects. Thyroid dysfunction, caused by pituitary involvement, is managed the same way thyroid dysfunction in other patients is managed. 17 Diagnostic imaging of the pituitary has not been shown to be of value in evaluating this complication.
Cardiac effects. Patients with cardiomyopathy should receive aggressive treatment with conventional medical therapy to control congestive heart failure and minimize serious arrhythmias, at least until vigorous therapeutic phlebotomy relieves the cardiac siderosis. Although phlebotomy may produce some improvement in cardiac function, long-term medical therapy is commonly required. Cardiac dysfunction that develops in otherwise healthy middle-aged or elderly people is occasionally caused by hemochromatosis, but coronary atherosclerosis or other forms of heart disease are more common causes.
Dietary recommendations
Limit iron-rich foods. Foods that contain large concentrations of bioavailable iron, such as red meats and iron-fortified cereals, should be consumed in moderation (see patient information page, "What is hemochromatosis?" page 238). Iron supplements should be avoided completely. 17 However, major alterations in diet are unnecessary, except for patients who cannot tolerate therapeutic phlebotomy, such as those with severe thalassemia.
Limit alcohol intake. Alcoholic beverages should be avoided by patients with evidence of hepatic injury, and other patients with hemochromatosis should drink only in moderation. Alcoholic beverages can sometimes increase iron absorption. Red wine is also relatively high in iron, although its tannins inhibit iron absorption. Drinking 30 g or more of alcohol daily potentiates hepatic injury from iron overload and, in patients with cirrhosis, increases the relative risk for primary liver cancer.
Limit vitamin C. Because vitamin C increases the intestinal absorption of inorganic iron, it seems prudent to advise patients to limit any vitamin C supplements to 500 mg/day. In rare cases, consuming large quantities of vitamin C has been associated with fatal cardiac arrhythmias in patients
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See patient information, page 238
with iron overload, presumably as a result of oxidative injury caused by mobilization of stored iron. Limit other minerals. Patients with hemochromatosis should generally avoid dietary supplements containing cobalt, manganese, zinc, cadmium, and certain other nonferrous metals, because the disease is associated with increased absorption of these minerals as well. Although excess inorganic cobalt is rapidly excreted, manganese and zinc are deposited in the liver and other tissues. Thus, mineral supplements should be used only if a specific nutritional deficiency has been identified.
Hemochromatosis is also associated with increased absorption of lead, which is toxic in small amounts and is retained for prolonged periods.
s GENETIC COUNSELING First-degree relatives of patients with hemochromatosis should be offered genetic screening at age 25 or older. Biochemical screening is not recommended in this situation because it often fails to identify homozygous patients, especially female ones. When a patient is identified as homozygous, his or her spouse should also be screened. If the spouse tests negative for the C282Y and H63D mutations, then the children will be heterozygous and need not be tested.
